Aims-To describe the prevalence of overweight and obesity in adolescents with type 1 diabetes (T1D) and to examine the associations among socio-demographic, clinical, and self-management factors by weight status.
Introduction
Childhood obesity has been identified as the major public health problem of this century. [1] A significant proportion of today's adolescents are overweight (14.0%) or obese (20.5%), [2] and the prevalence of obesity has tripled during the past three decades. [2, 3] A similar trend has been observed among adolescents with type 1 diabetes (T1D). [4] Recent international and domestic studies reported overweight/obesity ranges from 24.2% to 39.0% among adolescents with T1D. [4] [5] [6] [7] [8] [9] Overweight and obesity are of particular concern for adolescents with T1D. The complications associated with T1D, in addition to those that are attributable to overweight and obesity, can result in serious cardiovascular, neuropathic, nephropathic, and cardiometabolic consequences. [10, 11] This combination of T1D and excess weight may also result in deleterious health outcomes, such as insulin resistance, coronary artery disease, and stroke. [12] Many clinical, lifestyle, and socio-demographic factors may be associated with overweight and obesity among adolescents with T1D. In the Diabetes Control and Complications Trial (DCCT), intensive insulin therapy that resulted in achieving target HbA1c levels reduced neuropathic and microvascular complications. [13] However, intensive insulin therapy was also associated with untoward weight gain. [14] For example, the group on intensive insulin therapy experienced twice the increase in body mass index (BMI) compared to the usual care group. [15] Results from other studies have validated the association of intensive insulin therapy, now the standard of care, with overweight/obesity. [16, 17] Similarly, other clinical approaches that are associated with tighter metabolic control, such as insulin pump therapy, higher daily insulin doses, [18] and frequent visits to healthcare providers for diabetes education and management, [19] may also be associated with higher risk of overweight/ obesity.
Adolescents with T1D thus represent a population with unique clinical and diabetes management concerns that may differentially impact their engagement in health behaviors and self-management, which in turn, may influence overweight and obesity prevention efforts. For instance, fewer than 5% of adolescents with T1D achieve the pediatric clinical guidelines for the frequency, duration, and/or intensity of physical activity. [20, 21] Reasons for this trend could be related to diabetes-related stress, a common barrier to participation in physical activity in adolescents with T1D. [22] A lack of physical activity, in part driven by fear of hypoglycemia, [23] may further contribute to overweight/obesity in adolescents with T1D. Socio-demographic factors, such as age, sex, race/ethnicity, and annual household income, may be other risk factors for overweight/obesity in adolescents with T1D. Moreover, these factors may differentially impact adolescents, as these youth may also encounter issues related to identity, social norms, and gaining independence, which have been found to be related to challenges with diabetes self-management. [24] [25] [26] [27] Several of these factors have been associated with overweight/obesity among adolescents in the general population, but findings are limited among adolescents with T1D. [4] The purpose of this study was to examine the relationships among weight status, sociodemographic, clinical, and self-management factors in adolescents with T1D. The aims of the study were to: (1) Describe the prevalence of normal weight, overweight, and obesity in the overall sample and by age, sex, and race/ethnicity; and (2) Determine the associations of socio-demographic factors (e.g., age, sex, race/ethnicity), clinical factors (e.g., duration of diabetes, HbA1c, insulin delivery method), and self-management (e.g., self-monitoring of blood glucose, missing insulin dose(s), physical activity) on weight status (normal weight, overweight, and obesity).
Subjects, Materials & Methods
This study was a secondary analysis of data from the T1D Exchange Clinic Registry (T1D Exchange). In brief, the sample for the T1D Exchange is comprised of a broad, purposefully selected representation of pediatric and adult patients with T1D. [28] A total of 67 T1D clinical centers encompassing a wide geographical distribution including 12 adult, 36 pediatric, and 19 adult and pediatric centers. The recruitment period was September, 2010 through June, 2012. The T1D Exchange enrolled 25,833 participants of all ages into the registry, and only 3% (n=668) of eligible participants declined to participate (56% male, 69% Non-Hispanic White, median age 17 years). [28] .
Participants had a clinical diagnosis of presumed autoimmune T1D and presence of either islet cell antibodies or, if antibodies were negative or unknown, use of insulin at or shortly after diagnoses and continuously thereafter. [28] The diagnosis of T1D was classified as "definite" or "probable" based on available clinical information; 94% of enrolled pediatric participants were considered "definite." [28] Adolescents were defined as those participants 13 to 18 years of age. Exclusion criteria for this analysis included lack of available height or weight data (n=380); recent diagnosis of T1D (< 6 months) (n=167) because weight trajectories following diagnosis and introduction of intensive insulin therapy tend to fluctuate during this "honeymoon period;" and pregnancy, celiac disease, cystic fibrosis, and other endocrinopathies (n=243) that may affect weight. [5, 6, 8, 16] . Thus, our sample included 5,529 adolescents between 13 to 18 years of age.
Data Collection
A healthcare provider obtained clinical and demographic data from the participant's medical record at the time of enrollment. The participants completed self-administered questionnaires in the clinic using T1D Exchange-supplied tablets or laptop computers (52%), on paper in the clinic (28%), or at home by accessing a secured website through a home computer or mailed questionnaire (20%). [28] Both English and Spanish versions of the questionnaire were provided. [28] Each participating clinic received approval from an institutional review board to ensure the ethical and appropriate conduct of the research. This study was deemed exempt by Yale University. Informed consent was obtained from parents/guardians of adolescents, and assent was obtained from adolescents. Enrolled participants were compensated and could elect to receive either a monetary gift or allocate their donation to a select charity. [28] 2.3 Measures 2.3.1 Weight Status-BMI was used to measure adiposity and generate weight status categories. BMI was calculated as kilograms per meter squared. BMI age-and genderspecific BMI cutoffs were calculated using the age-and sex-standardized norms from the Centers for Disease Control and Prevention growth charts [29] . Weight status was operationalized as normal weight, overweight and obese. Normal weight was defined as a BMI < 85 th percentile for age and sex. Overweight was defined as a BMI ≥ 85 th to < 95 th percentile. Obesity was defined as a BMI ≥ 95 th percentile.
Socio-Demographic
Factors-Socio-demographic factors were elicited from participants or clinical questionnaires. Health care providers reported age, sex and health insurance status. Upon study enrollment, the adolescent and his or her guardian self-reported race/ethnicity, household income category, parental educational attainment, and number of people living in the household.
Clinical
Factors-Each clinical factor was ascertained by a health care provider from the patient's medical record or documented on the intake forms at the time of study enrollment. Treatment type was reported as conventional therapy (one to three injections per day), multiple daily injections (MDI) (four or more injections per day), or insulin pump therapy, and was operationalized as a categorical variable in all analyses. The daily amount of basal/long-acting insulin and bolus/short-acting insulin was recorded as a weekly average in units (0-200) and was operationalized as a continuous variable. HbA1c was measured three to four times per year for participants in the T1D Exchange, [28] most often using a DCA point of care device (79.2%). The HbA1c value commensurate with the date of enrollment was used as a continuous variable.
Family history of T1D included immediate family members with T1D and was operationalized as a categorical variable (yes or no). The frequency of office visits for diabetes management purposes was operationalized as a continuous variable. The item for visits to an allied healthcare provider (i.e., diabetes educator, dietician, counselor, psychologist, social worker) in the last six months was categorized as yes or no. T1D-related hypoglycemia was categorical variable (yes or no) based on whether or not a severe hypoglycemic episode that resulted in a coma or seizure was experienced in the past 12 months. Duration of diabetes was calculated from the date of diagnosis with T1D to the date of study enrollment. Self-rated health was determined based on the Likert scale responses from the participant questionnaire for the following question: "In general, how would you describe your health?" Responses were operationalized into categories as excellent, very good, good, and fair/poor.
Self-management-T1D
self-management is defined as "an active, daily, flexible process in which youth and their parents share responsibility and decision-making for achieving disease control, health, and well-being through a wide-range of illness-related activities (p 92)". [25] Several of these diabetes care activities include self-monitoring of blood glucose levels, physical activity, and insulin administration at mealtimes. Measures of self-management were collected on the participant questionnaire. Self-monitoring of blood glucose was assessed using the following question: "About how many times per day are you checking your blood sugar with a blood glucose meter?" This item was operationalized as a continuous variable. Insulin administration was examined by the following question: "During a typical week, how often do you miss an insulin dose?" Responses were operationalized into categories as never, rarely, sometimes, and often.
Insulin administration during mealtimes was assessed by participant responses to the following question: "At the time of a meal, assuming your blood sugar is not too high or too low, when do you usually give an insulin bolus?" Response options were treated as categorical variables, including the following categories: immediately before meal, several minutes before meal, during meal, after meal, and not regularly given. Further, the insulin to carbohydrate ratio (1 unit per × grams of carbohydrates) for breakfast, lunch, and dinner was derived. Due to multicollinearity, the insulin to carbohydrate ratio for lunch was used for this item.
Physical activity was measured using the following item: "In a typical week, how many days do you spend at least 30 minutes doing any physical activities or exercises such as running, working out, yoga or pilates, aerobic, sports, gardening, PE in school, or walking for exercise?" Since international guidelines for physical activity recommend at least 60 minutes of moderate or vigorous intensity activity on weekdays, [30] activity was operationalized as active (5 to 7 days/week), insufficient (2 to 4 days/week), or inactive (0 to 1 days/week).
Power Analysis and Sample Size
G*Power (version 3.1) software was used to calculate power and necessary sample size to examine relationships between the independent variables on weight status at a two-tailed alpha of 0.05, a recommended power level of 0.80, [31] and a small effect size (odds ratio=1.2). The sample size required to find the minimum effect was estimated to be 1484 participants based on an estimated 35% overweight/obesity prevalence in the sample, and a conservative multiple variance correction of 0.5 to account for the number of covariates. The sample had sufficient power to achieve the study aims.
Data Analyses
First, the variables pertaining to each of the domains of socio-demographic, clinical, and self-management factors were described using univariate statistics to identify outliers and the data distribution. The prevalence of normal weight, overweight, and obesity were determined for the overall cohort and by age, sex, and race/ethnicity. A correlation matrix was computed to check for multicollinearity among the independent variables. In the event that two or more variables were highly correlated (correlation coefficients ≥ 0.7), the variable with the lowest coefficient was selected for inclusion in the remainder of the analyses. Bivariate analyses were then conducted to discern whether there were any nonlinear relationships or interaction effects, and to examine the associations between each independent variable for the respective domain (socio-demographic, clinical, and self-management), and the dependent variable of weight status (normal weight vs. overweight vs. obese). Only those variables that were statistically significantly associated with the dependent variable were included in the multivariate analyses.
Multinomial regression was conducted independently for each domain estimating the relationships between the independent variables and weight status. Multinomial logistic regression operates by generalizing logistic regression to multiclass dimensions in instances when two or more possible discrete dependent variables are observed. [32] This method does not assume normality, linearity or homoscedasticity, but does have the assumption of independence among dependent variable categories, that were examined using the HausmanMcFadden test. [33] Maximum likelihood estimates were used to evaluate the probability of categorical membership. The reference category was normal weight, while separate odds ratios were estimated for the independent variables associated with the overweight and obesity categories. The beta coefficient was used to indicate the expected amount of change in the dependent variable for each one unit change in the independent variable, and the effect sizes were determined by the McFadden R 2 measure. [33] Higher values indicate better fit.
Stepwise backward selection was used to reduce the number of independent variables by removing those with a p-value of .15 or less. The most parsimonious, stable, and statistically significant model was fitted, as determined by the Likelihood Ratio Chi square test. [33] All analyses were reported as two-tailed, with an alpha level of 0.05, and all analyses were conducted using STATA version 14.0 (College Station, TX).
Missing Data
Variables that had more than 10% of missing data [34] included the number of office visits for diabetes management (n=1,092, 19.8%), insulin to carbohydrate ratios at lunch time (n=1,209, 21.9%) daily amount of basal/short-acting insulin (n=1,331, 24.1%), physical activity (n=1,737, 31.4%), and annual household income (n=1,843, 33.3%). To address these missing data, multiple imputation using five groups was conducted for the multivariate analyses. [34] Sensitivity analyses were conducted using only patients with complete data for these variables and similar results were ascertained.
Results
The sample included 5,529 adolescents between 13 to 18 years of age (mean age 15.4 ± 1.4 years) ( Table 1 ). Approximately half of the sample was male (51.8%); the majority was nonHispanic/Latino White (77.9%) and had private insurance (63.9%); and over half had a reported annual household income of $75,000 or more per year. In terms of clinical characteristics, self-monitoring of blood glucose was reported as 5.1 ± 2.1 times per day. The mean HbA1c level was 8.7 ± 1.8% (72 mmol/mol), and approximately half of the sample used insulin pump therapy. Only 21.8% of the sample had an HbA1c < 7.5%, the recommended target by the American Diabetes Association (ADA) and the International Society for Pediatric and Adolescent Diabetes (ISPAD). [35, 36] 
Prevalence of Overweight/Obesity
Weight status included normal weight (n=3,537, 64.0%), overweight (n=1,267, 22.9%) and obese (n=725, 13.1%). Compared with boys, girls had a higher prevalence of overweight (27.19% vs. 18 .9%, p<.0001) and obesity (13.6% vs. 12.7%, p<.01). By race/ethnicity, Hispanic/Latino participants had the highest prevalence of overweight/obesity (46.1%), while White, non-Hispanic/Latino participants had the lowest prevalence (34.1%). Black/ African American participants had the highest rate of obesity (17.9%), and Hispanic/Latino participants had the highest rate of overweight (30.2%) ( Table 2 ).
Differences in Weight Status by Socio-demographic, Clinical, and Self-management Factors
In bivariate analysis, there were significant differences in weight status in all sociodemographic variables, including age, sex, race/ethnicity, insurance, household income, parental educational attainment (p<.001), and number of people living in the household (p<. 05). Significant differences were observed for the following clinical factors, with overweight and obese adolescents having lower HbA1c, shorter duration of T1D, higher daily amount of bolus and basal insulin, recent severe hypoglycemia, a first degree family member with T1D, poor self-rated health status, and recent visit(s) to allied health care provider than those of normal weight status (all p<.05). There were no differences between weight status categories on number of clinic visits for diabetes management and insulin treatment type. There were also significant differences among weight statuses and self-management factors, with overweight and obese adolescents having lower self-monitoring of blood glucose, lower insulin to carbohydrate ratio, and less physical activity (all p<.0001). No significant differences were noted for timing of boluses during mealtimes or frequency of missing insulin doses.
Factors Associated with Overweight and Obesity
The multinomial logistic regression odds ratios (95% CI) for overweight and obesity stratified by socio-demographic, clinical, and self-management domains are presented in Table 3 . Female gender, older age, Hispanic/Latino race/ethnicity, and low parental educational attainment were all independently and significantly associated with higher odds of being overweight. Female gender, older age, annual household income <$75,000, and low parental education were associated with higher odds of being in the obese category. Lower HbA1c, higher amount of daily bolus/basal insulin, and worse self-rated health were independently and significantly associated with overweight and obesity. Additionally, shorter duration of T1D, recent severe hypoglycemia, and a recent visit to an allied healthcare provider were independently and significantly associated with having greater odds of obesity. The self-management model demonstrated similar results for both overweight and obesity categories. Frequent self-monitoring of blood glucose level and high insulin to carbohydrate ratio were independently associated with lower odds of being overweight and obese. Compared to those who were inactive, the odds of overweight and obesity decreased by 28% and 30%, respectively, for adolescents who were active (OR 0.72, 95% CI 0.54 to 0.96 and OR 0.70, 95% CI 0.49 to 0.99). Adolescents who self-rated their health as fair/poor had the greatest odds of obesity (OR 5.77, 95% CI 3.85 to 8.65).
Factors associated significantly with overweight and obesity in the domain-specific analysis were then entered into the full multinomial logistic regression model. Two variables, selfmonitoring of blood glucose levels and physical activity, were removed due to lack of statistical significance (p>. 15 
Discussion
In this study of adolescents with T1D, the prevalence of overweight and obesity was high (36.0%), and there were notable differences by gender and race/ethnicity. In multivariate analysis, we found several socio-demographic, clinical, and self-management factors associated with higher risk of being overweight and obese. The strength of the significant associations ranged from odds ratios of 0.79 to 3.92 in the multinomial analysis, with ten factors identified for risk of obesity. These factors may be amenable to remediation or point to subgroups that can benefit from obesity prevention efforts.
Over two decades ago, adolescents with T1D were generally slender and rarely obese. [17] However, the findings from our study show a high prevalence of overweight and obesity. These rates correspond with other global estimates obtained among adolescents without a chronic illness, [4] [5] [6] [7] [8] suggesting a pressing public health problem. Further, overweight and obesity may disproportionally affect certain subgroups of adolescents with T1D. For instance, girls had a much higher prevalence of overweight than boys. This difference was sustained in multivariate analyses that revealed that girls had 90% and 30% higher odds of overweight and obesity, respectively, compared with boys. Similar observations have been noted in other studies. [6, 16] Although the majority of adolescents in the sample were of non-Hispanic/Latino White race/ ethnicity, adolescents of non-White race/ethnicity had a higher prevalence of overweight and obesity. Similarly, in a population-based sample, Hispanic/Latino youth with T1D had the highest prevalence of overweight/obesity (45.0%), followed by African Americans (43.5%), Asian-Pacific Islanders (41.0%), non-Hispanic/Latino Whites (31.5%), and American Indian (15.0%). [4] Controlling for all other factors, we found Hispanic/Latino adolescents had over 50% higher risk of overweight compared with those of non-Hispanic/Latino White race/ ethnicity. This cumulative evidence suggests the need for future obesity prevention interventions that target girls and adolescents of diverse race/ethnicity.
In multivariate analysis, adolescents who were in better metabolic control were at higher risk of overweight, and this association was even more pronounced for risk of obesity. Other clinical mechanisms that coincide with intensive insulin therapy translated to higher odds of overweight and obesity were found. For instance, higher doses of daily bolus/short-acting and basal/long-acting insulin were modestly associated with risk of overweight and obesity compared with lower amounts. Higher doses of insulin may reflect higher endogenous levels of insulin resistance related to overweight and obesity, or conversely, higher insulin resistance may promote weight gain with exogenous insulin. Attending regular visits with an allied health care provider (i.e., diabetes educator, dietician, social worker, counselor, psychologist) was associated with higher odds of obesity. This may be because regular visits increase the odds of adolescents to become obese as a result of enhanced diabetes management. In addition, enhancing management implies an appropriate change of lifestyle. We cannot, however, exclude that enhancing diabetes management may associate with higher odds of obesity. Shorter duration of T1D was also associated with obesity, a finding that may be explained by recent evidence that youth with shorter diabetes duration performed significantly more diabetes care activities and more diabetes goals than individuals with a longer duration. [37] Indeed, our observed relationships have been supported by other studies. For instance, investigators conducted a longitudinal study with 12,774 adolescents with T1D and found the increase in BMI standard deviation scores over time was significantly related to shorter diabetes duration, intensive insulin therapy, and higher total daily insulin dose. [16] The association between overweight or obesity was highest in patients who used pump therapy, a finding confirmed in another study, [8] but not observed in our study.
The factor most strongly associated with weight status was self-rated health; however this finding was consistent only for those who were obese not overweight. Ratings of health as fair or poor, compared with excellent, was associated with nearly four times the odds of obesity. In no other studies of adolescents with T1D was this finding reported, but obesity has been associated with poor perceived general health in the general adolescent population. These findings may be due to dissatisfied body image, limitations in functional ability, and related psychosocial problems. [38] This finding may also suggest that obese adolescents attribute health status to their weight status. Thus, an assessment of self-rated general health may be important indicator of perceived physical and psychosocial health and could feasibly be integrated into clinical practice.
Although factors related to diabetes self-management were not associated with overweight or obesity in the full multinomial logistic regression analysis, significant associations were observed in the domain-specific analysis. Adolescents who met pediatric guidelines for physical activity (60 minutes per week day) [30] had lower odds of overweight and obesity. Although evidence about this relationship is limited among adolescents with T1D, [21] researchers of one study did not observe a significant association between physical activity and overweight/obesity. [39] Yet, in a recent study among 7,153 adults with T1D, it was found that individuals' odds of not participating in physical activity increased with every one-point increase in BMI. [40] Further, small feasibility interventions that have sought to reduce overweight/obesity among youth with T1D have reported modest effects. [41, 42] Nonetheless, given the limited number of studies and the equivocal nature of the current evidence among youth with T1D, future research is needed to address this topic, as well as other health behaviors.
We found that adolescents who lived in households that did not exceed an annual income of $35,000 had higher odds of obesity than those who earned $200,000 or more per year. Moreover, adolescents who had parental educational attainment of a high school degree or less had almost 50% higher odds of obesity compared with those who attended graduate school. Results of longitudinal studies conducted among the general population suggest that lower income and less parental educational attainment were tied to higher BMI. [43] Potential explanations for these findings could pertain to lower income and less educated households having a lack of knowledge and resources to promote health behaviors. For instance, the consumption of unhealthy, low nutrient and high carbohydrate foods and drinks that has been observed among lower income and less educated families in the general population [44, 45] may be further compounded in adolescents with T1D who must compensate carbohydrates with more insulin, resulting in the potential for even more weight gain.
Implications
With overweight and obesity affecting one-in-three adolescents with T1D, interventions to prevent and manage obesity are needed. We have identified specific factors that may be targeted. Clinically, providers could be more attentive to the risk of intensive insulin therapy triggering weight gain among adolescents with T1D and the related deleterious cardiovascular and metabolic outcomes, as well as the potential for insulin omission to prevent weight gain. Clinical care has traditionally focused on achieving metabolic control; thus providers should be more knowledgeable about the importance of promoting physical activity and other health behaviors for their adolescent patients with T1D. Issues related to fear of hypoglycemia during and following engagement with physical activity [23] may need to be addressed. While the recommended approach to nutrition in adolescents with T1D promotes balanced nutrition, [46] the focus on carbohydrate counting allows youth to circumvent such recommendations. [21] Adolescents with T1D should be educated on the importance of a consuming a nutrient-rich diet, including the consumption of healthy fruits and vegetables, in conjunction with proper self-management. As demonstrated by the Diabetes Prevention Program, [47] a multipronged approach to weight loss that utilizes both medication and lifestyle change may be the most efficacious, with the achievement of a healthy lifestyle being a core component in obesity prevention and management. Diabetes care organizations, such as the American Diabetes Association (ADA) or International Society for Pediatric and Adolescent Diabetes (ISPAD) may also consider developing obesity prevention and management practice guidelines for adolescents with T1D addressing these points.
Given the high risk of overweight and obesity in higher risk groups, future obesity prevention and management interventions can target adolescents who live in lower income and less educated households, as well as those who are of Hispanic/Latino race/ethnicity. Gender-specific interventions that address the concerns of girls with T1D are also warranted. In the context of the accumulating evidence, ecological models may provide theoretical support to identify those modifiable individual (e.g., adolescent), interpersonal (e.g., provider, parents) and environmental attributes (e.g., socioeconomic status, community) of overweight and obesity in adolescents with T1D. Through addressing the interrelated factors that contribute to an "obesogenic environment" [48, 49] for adolescents with T1D, interventions may be able improve metabolic functioning and help to prevent weight gain.
Limitations
The results of our study must be interpreted within the context of the following limitations. First, the sample was not population-based, thus generalizability may be limited. However, participant characteristics were similar to those of participants in the SEARCH for Diabetes in Youth Study, a six-center population-based observational study conducted among youth under 20 years of age. [50] Selection bias may also exist such that only 25% of a clinic's patient population was approached for the registry and ultimately enrolled, but the weighted distribution of characteristics between those enrolled and the total patient population of the clinics were similar. [28] Second, some data were collected via self-report measures, potentially introducing social desirability and/or recall bias. A high proportion of missing data was found for five of these variables. Third, the analysis was dependent upon those variables available in the dataset. For instance, it would have been advantageous to have access to other health behaviors that might also predict overweight/obesity, such as dietary behavior or nutrition (e.g., consumption of sugar-sweetened beverages, fruit and vegetable consumption). Future study is needed to determine if the combination of increased flexibility in diet with carbohydrate counting and the consumption of unhealthy foods may explain why some of the more flexible routines, such as insulin pump therapy or higher insulin doses, were associated with increased risk of overweight/obesity. The examination of other health behaviors, including sedentary behavior and sleep, may be valuable to consider in future studies examining the topic of overweight/obesity in adolescents with T1D, as well as the inclusion of a more robust and objective measure of physical activity.
Conclusions
Overweight and obese adolescents with T1D constitute a relatively new and surprising phenotype of diabetes and an understudied population with excess cardiovascular morbidity and mortality risk compared with normal weight adolescents with T1D. In our study, we found that female gender, older age, lower HbA1c, and higher basal/bolus insulin doses were associated with overweight and obesity. The only factor specifically related to overweight was Hispanic/Latino race/ethnicity, whereas obesity was associated with lower income and parental educational attainment, shorter duration of T1D, frequent visits to allied health care providers, and poor perceived general health. Our results suggest many factors that may be targeted in future obesity prevention and management intervention and subgroups that may benefit from such interventions. • There are a greater number of risk factors for obesity than overweight among adolescents with T1D
• Poor-fair self-rated health status is the greatest correlate of overweight and obesity Factors significantly associated with obesity (vs. normal weight) identified in multinomial analysis Table 1 Characteristics of adolescents in the overall sample (n=5,529) * Weight status was defined as overweight (BMI ≥85 th to <95 th percentile) and obese (BMI ≥95 th percentile). ¶ Physical activity categories comprised inactive (0-1 days/wk), insufficient (2-4 days/wk), or active (5 to 7 days/wk).
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